The purpose of this study was to testing for difference in performance and 3 injury risks between three different outsole configuration soccer shoes on natural turf.
43
Previous study has highlighted traction between shoes and surface as a leading cause 44 of ankle and knee injuries in soccer (Nigg and Segesser, 1988; Torg and Quedenfeld, 45 1971). Non-contact sports injuries often occurs in knee, ankle and foot, current studies 46 had shown that these injuries closely related to the design of soccer shoes and turf conditions (Kaila 2007) . Previous studies had shown that stud type, stud length, and 48 stud geometry on various surface conditions would influence running performance 49 (Muller et al., 2009 ). In the process of sidestep cutting movement, longer studs would 50 provide more grip to improve athletic performance, but higher traction may lead to knee 51 abduction moment significantly increased, which will increase the risk of ACL injury.
52
Some studies had suggested an increased risk of ACL injury with decreased knee 53 flexion angles and increased knee abduction angles during movements involving rapid 65 collegiate soccer players showed significantly lower injury incidence (46.6%) on 66 artificial turf compared to natural turf (53.4%) (Meyers 2010). In addition, these studies 67 had failed to find a significant difference in injury incidence between artificial turf and 68 natural turf in soccer.
69
Several studies had revealed the effects of different soccer stud configurations on 70 biomechanical characteristics on natural turf. Therefore, the purpose of this study was 71 to investigate the lower limb kinematics and kinetics with different studded soccer 
82
Sixteen male soccer players (mean ± SD: age, 19.7 ± 1.2 y; height, 1.73 ± 0.04 m and 83 body mass, 66.7 ± 4.4kg; soccer experience, 12.1 ± 2.2 y) from university soccer team 84 were recruited for this study, and only right-leg dominant players were included in the 85 study. A minimum of 2 years' experience with natural turf, free of major injuries to the 86 lower extremities for the past 6 months.
87

Equipment
88
Different studded soccer shoes were sponsored by ANTA Sports Science Laboratory, 89 stud design were firm ground design (FG) with 11 studs, artificial ground design (AG) 90 with 23 studs, turf cleats shoes (TF) with 71 short cleats covering the entire sole (Table   91 1). Natural turf in this study was approved for national competition, a separate piece of were performed at the speed of 5.0±0.2m/s, subjects were given one minute rests 126 between trials and five minutes rests between shoe and movement conditions. If the 127 subject did not land with right foot on the force platform, trails were discarded and the 128 subject was asked to repeat the movement. Subjects were asked to land near the center 129 of force platform to ensure accurate force collection. Subjects were instructed to heel 130 landing of cutting movement, and landing pattern of straight-ahead running make no 131 demands. Six trails that were deemed acceptable were collected in each condition.
132
Kinematics and kinetics of each shoe and movement were synchronously measured. to shoe conditions with FG generating smaller values (p=0.013<0.05) than TF (Table   150 2). In frontal plane, peak knee abduction angles of FG was significantly greater than 151 AG (p<0.001) and TF (p<0.001). Peak ankle dorsiflexion angle showed no significant 152 difference between stud conditions, but ankle dorsiflexion-plantarflexion range of 153 motion (ROM) showed a significant difference (p<0.001) between FG and TF ( Table   154 3). 
155
188
The required (or utilized) traction was quantified using the time dependent traction 189 ratio, dividing the horizontal by the vertical component of the ground reaction force.
190
Horizontal ground reaction force (hGRF) was the resultant force in horizontal plane. 
216
Note: # indicates significant difference between FG and TF, p<0.05.
217
During stance phase of 45° left sidestep cutting, plantar pressure showed significant 218 difference between different stud conditions in the heel (H) and medial forefoot (MFF) 219 regions. Peak pressure of TF in the heel region was significantly smaller than AG (P=0.004<0.05) and FG (p<0.001), and force-time integral of TF was also significantly 221 smaller than AG (p=0.006<0.05) and FG (p=0.003<0.05). In the medial forefoot region, 222 peak pressure of FG was significantly greater (p=0.009<0.05) than TF, and force-time 223 integral of FG was also higher (p<0.001) than TF (see Figure 5 ). 
233
It was hypothesized that the natural turf studs would produce a greater peak vertical 234 GRF and its loading rate compared to artificial turf studs and turf cleats during cutting 235 movements. The results showed no significant differences in peak vertical GRF 236 between stud type conditions of cutting movement. Gehring et al. (2007) found no 237 significant differences in peak vertical GRF during a cross-over cutting performed by 238 soccer players wearing traditional round studs and bladed studs, also Griffin et al. (2000) 239 found that both soccer shoe stud conditions and outsole material showed no significant 240 difference in peak vertical GRF. But peak horizontal GRF varies between different stud 241 configurations during cutting movement in this study, FG produce a greater peak 
248
The grey area of figure 4 indicates the interval during which the mean traction ratio was 249 calculated, mean utilized traction ratio of FG was significantly higher than AG and TF.
250
It was found that cleat or stud shape and length as well as their arrangement across the 251 outsole will modify the interaction of the shoe with the ground and produce different 
262
During stance phase of straight-ahead running and 45° cut, peak pressure and force-263 time integral showed significant differences, mainly in the MFF. FG showed the highest 264 peak pressure and force-time integral in MFF of both movements in this study.
265
Compared with turf cleats shoes, natural stud design with longer stud may elevate 266 plantar pressure of some areas on both third-generation turf and natural turf. Impulse is 267 defined as force and time integral, Time of contact in straight-ahead running and 45° 268 cutting showed no significant different between three stud conditions. The force 269 produced an accumulative effect during a certain period of time for plantar regions, of frontal plane loading during landing and cutting tasks was different, increased knee 283 valgus load during cutting was considered a risk factor for non-contact ACL injury.
284
Peak knee abduction angles of FG was higher than TF, some studies had suggested an 
294
This study showed that FG was associated with the greatest peak horizontal GRF and 
313
FG showed significant greater peak pressure and force-time integral compared with 314 TF in the MFF, also greater than AG but showed no significant difference. The medial 
